Mutations and polymorphisms in the SPINK1 gene, which encodes trypsin's physiological inhibitor, pancreatic secretory trypsin inhibitor, have been found to be associated with chronic pancreatitis. However, to date, all currently reported SPINK1 variants are either single-nucleotide substitutions or microinsertions/deletions. It is possible that large genomic rearrangements at this locus may underlie certain cases of chronic pancreatitis. However, such events, if indeed they exist, may have been overlooked by conventional PCR-based techniques. Here we attempted to screen all four exons as well as the promoter region of the SPINK1 gene for large genomic deletions by means of quantitative high-performance liquid chromatography analysis. Of the 47 pancreatitis families (not carrying any known PRSS1, SPINK1 and CFTR variants/mutations after screening the coding regions by our previously established denaturing highperformance liquid chromatography methods), one family was suggested to carry a large genomic deletion in the SPINK1 gene. The aberrant chromosomal junction was encapsulated by long-range PCR and the breakpoints were determined by direct sequencing of the rearranged fragment. A 2-bp short direct repeat was present at the deletion breakpoints; this simple deletion (c.1 -320_c.55 þ 961del1336 bp) can thus in principle be explained by replication slippage. Identification of this lesion has not only expanded the SPINK1 mutational spectrum but also served to identify a novel mutational mechanism causing chronic pancreatitis.
Introduction
Pancreatitis is a continuing or relapsing inflammatory disease of the pancreas. More than a century ago, it was proposed that pancreatitis is an autodigestive disease, and thereafter a wealth of circumstantial evidence, including clinical observations and experimental models, has suggested that prematurely activated trypsin is pivotal in initiating pancreatic autodigestion (reviewed by Chen and Férec 1 ). This theory was given wide support when an apparent 'gain-of-function' mutation, namely R122H, in the cationic trypsinogen gene (PRSS1; MIM #276000), was identified as the cause of hereditary pancreatitis. were also demonstrated to cause a 'gain' of trypsin. By contrast, 'loss-of-function' PRSS1 mutations 8 as well as a degradation-sensitive anionic trypsinogen (PRSS2; MIM #601564) variant (G191R) 9 appear to protect against the disease.
Mutations and polymorphisms in the SPINK1 gene (MIM #167790; encoding trypsin's physiological inhibitor, pancreatic secretory trypsin inhibitor) have also been identified and shown to be associated with chronic pancreatitis. 10 -12 However, to date, all currently reported SPINK1 variants (B30) are either single-nucleotide substitutions or microinsertions/deletions (see http://www.uni-leipzig.de/pancreasmutation/db.html for an up-to-date list). It is possible that large genomic rearrangements at this locus may underlie certain cases of chronic pancreatitis. However, such events, if indeed they exist, may have been overlooked by conventional PCR-based techniques.
We have recently reported that gross genomic rearrangements in the CFTR gene (MIM #602421) accounted for a significant fraction of unidentified cystic fibrosis chromosomes by means of the quantitative multiplex PCR of short fluorescent fragments and quantitative high-performance liquid chromatography (QHPLC) analyses. 13, 14 In the present study, we have attempted to identify this kind of mutation in the SPINK1 gene using the QHPLC technique.
Materials and methods
Pancreatitis families and controls A total of 47 unrelated pancreatitis families were recruited from several clinical centres in France. As described previously, 15 all families were defined as having at least two cases of recurrent acute pancreatitis or chronic pancreatitis from whom known precipitating factors such as alcohol abuse and gallstones were excluded. In addition, these families had not been found to carry any known PRSS1, SPINK1 and CFTR variants/mutations after screening the coding regions by our previously established denaturing high-performance liquid chromatography technique. 15 -17 Fifty unrelated healthy bone marrow donors were used as controls.
QHPLC analysis
Primers used for amplifying the four exons of the SPINK1 gene were described elsewhere. 15 A new primer pair (forward: 5 0 -GAAACTCTTTGCAGGAAATGCAG-3 0 ; reverse: 5 0 -TCAAGCCCAAACCTCGTTGT-3 0 ) was further designated to amplify a fragment (208 bp) corresponding to the promoter region of the gene. DNA quantification was performed using the Quant-iTt PicoGreen s dsDNA reagent (Invitrogen, Eugene, OR, USA). PCR was performed in a 50 ml reaction mixture containing of 200 mM each dNTP, 1.5 -2.5 mM MgCl 2 , 1 U AmpliTaq DNA polymerase (PE Applied Biosystems, Foster City, CA, USA), 0.5 mM each primer and 100 ng genomic DNA. The PCR programme consisted of an initial denaturation at 941C for 2min, followed by 26-32 cycles denaturation at 941C for 30 s, annealing at 50-601C for 30 s and extension at 721C for 30 s.
QHPLC was performed using the Transgenomic Wave system. Briefly, 8 ml PCR products were injected into a DNASep column (50 Â 4.6 mm) in nondenaturing condition (501C). All five amplicons were eluted in a linear acetonitrile gradient (54 -64% B buffer increased) with a 0.9 ml min À1 flow rate. Elution of DNA was detected by UV absorbance at 260 nm and data were visualised with Hitachi System Manager software. The presence of a deletion was indicated by a two-fold reduction in the height of the corresponding peak as compared with that of the control.
Characterisation of the gross genomic deletion
Expand Long Template PCR System (Roche Diagnostics, Meylan, France) was used to obtain the fragment spanning the aberrant chromosomal junction. The forward primer initially used for amplifying the promoter region and the reverse primer initially used for amplifying exon 2 of the SPINK1 gene were used as the forward and reverse primers of the long-range PCR, respectively. After 2 min denaturation at 941C, the PCR programme was 40 cycles of denaturation at 941C Â 15 s, annealing at 561C Â 30 s and extension at 681C Â 6 min. Long-range PCR products were visualised on a 1.4% agarose gel. The newly generated patient-specific band was purified on TaKaRa RECOCHIP (Takara Bio Inc., Otsu, Shiga, Japan) and then directly sequenced using the ABI PRISMt BigDyet Terminator Cycle Sequencing Kit (PE Applied Biosystems, Foster City, CA, USA).
Mutation nomenclature
The sequence of the rearranged PCR products was compared with GenBank accession numbers NM_003122.2. and NC_000005.8. The characterised gross deletion was named in accordance with the standard nomenclature guidelines proposed by the Human Genome Variation Society (http://www.hgvs.org/; i.e. cDNA-based numbering with the A of the ATG translational initiation codon as þ 1). 18 
Results and discussion
Taking advantage of our previous experience of QHPLC analysis of the CFTR gene, 13, 14 we have here established a similar method for systematically analysing the promoter region and all four exons of the SPINK1 gene. Of the 47 pancreatitis families analysed, one family was found to carry a large genomic deletion in the SPINK1 gene. The index patient in this family is a 47-year-old French woman, (Figure 1a) . As the promoter region (data not shown) and exon 2 of the gene appeared to be normal in these two patients, this putative deletion's breakpoints should be located somewhere between the promoter region and exon 2. We therefore used the forward primer initially used for amplifying the promoter region and the reverse primer initially used for amplifying exon 2 of the SPINK1 gene to perform a long-range PCR amplification. Indeed, an additional, shorter band was shown in the two patients as compared with a normal control (Figure 1b) , thereby confirming the presence of a large deletion involving exon 1 in both patients. This shorter band was then recovered, purified and directly sequenced. As shown in Figure 1c and Figure 
(data not shown). However, until now, we have been unable to obtain DNA samples from the patients' healthy parents and other family members for genetic analysis. In addition, this larger deletion was shown to be absent in 50 healthy controls by QHPLC analysis. Finally, a 2-bp short direct repeat (ag) was present at the deletion breakpoints ( Figure 2) ; this deletion can thus in principle be explained by replication slippage. 19 The newly identified large deletion as well as the previously reported c.2T4C, . Not surprisingly, these mutations were always found in families with chronic pancreatitis. In sharp contrast, the most common N34S variant (and other intronic variants in linkage disequilibrium), which has an allele frequency of 0.18 -0.79% in control populations, 10, 11, 12, 21 was often found in sporadic pancreatitis. Based upon these observations, we would like to reiterate that the differing views (i.e. diseasecausing 11 vs disease modifier 12 ) regarding SPINK1's role in the aetiology of chronic pancreatitis should be considered in the context of specific mutations: although the common N34S-associated haplotype is more like to act as a disease susceptibility factor, severe mutations are more likely to be disease-causing. 15 In summary, we have reported the first large genomic deletion in the SPINK1 gene using a newly established QHPLC analysis. This finding has not only expanded the spectrum underlying SPINK1 mutations but also identified a novel mutational mechanism causing chronic pancreatitis. This kind of lesion should also be systematically searched for in other populations, by QHPLC or other techniques such as the multiplex ligation-dependent probe amplification. 22 c.1-320 agaagggatc tttgagttca tcttacaggt gagaaaacag gcttgagaag ggaatgactt tcccacaacc acagagggag ttagggatca aactaaccac tagaactatt ttcctgacag aatctttgcc ttgcatgttt caggcccacc tggctccttt cacctttctt acacaggtga cattcccaga acctggaggc caggctatga cacagagtca atcaataacc agggagatct gtgatatagc ccagtaggtg gggccttgct gccatctgcc atatgaccct tccagtccca ggcttctgaa gagacgtggt aagtgcggtg cagttttcaa ctgacctctg gacgcagaac ttcagccATG AAGGTAACAG GCATCTTTCT TCTCAGTGCC TTGGCCCTGT TGAGTCTATC TGgtaagtgt tgcatatttt tcaaatttaa ataaaactgt tttgacctgt tgctttgtga agcacattat cttctagact tttgatgtag tctagtcttc gagagatgtt ttggacctaa tgagatgaaa taaaatcaac aggtaagaat tattttttaa gaggaatttt taacctacta taaggaaaac aattctacta gtaagaaatt cccagaaata aaatggtttt cctctattga tgtggctgac cctttgttgg gatatggtag agaaaaaagg gtaaaaatat tttaacttta agtatacttc tcattctgta aatgtgtaag gccaaattac aaattttaaa ttctcatggg attgcataaa atagataaat ggcttccagt tattcagtat aaaaggcata atttgactga ttaaaaattt atttttttat tgtataggtt tcagtgtact tgaatcatgt atagtttgtc agatttatcc ctgaatagct aatatatgtg atataaaggg aattttttat tttcaattcc tggtatttct tattagtatc tggaaataca aaaattgcat tttgtgtatt tacattacac attttgaatg ttttgaaaga aaatattctg cttgaataga tggtgcacat atacctccaa ctgcatcttg acaatgttga cagacaactc tgaacccgca gagccaagat cagtttcctt tttatcactg gaaatggtta acattttcaa cttcacctct catgtagtga aggatcctgt ggagagccaa atcagcactt tgctaagaag aggaagaata ttgtttgttt tatttgctga atatttatgg caacagtcag tgttcccttt ccccctcctc atgcatgtta attaatacaa atagatgcct gtgatgagca cctgctcttc agtttttaga ctcaactaga ttctaaaagc cagtgggccc ccaacaacat caagttctga ctatcccggg ggaaattctc caagctcata c.55+961 Large
